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Introduction
Carbon has been used as the anode material for Li-ion batteries because of its high coulombic efficiency and safety [1] . However, carbon has limited storage capacity (theoretically, 370 mAh g -1 ) as well as rate capability. Research activities on novel electrode materials with improved performance for the next generation Li-ion batteries for high power applications such as electric vehicles have been intensive in recent years [2] . For this purpose, development of alternative anode materials with high capacity, long cycle-life, high rate capability and environmental compatibility is important. Metal oxides are intensively investigated as anode materials due to their higher specific capacities and volumetric energy densities [3] [4] [5] [6] . Among the transition metal oxides, hematite (α-Fe 2 O 3 ) has attracted great interest due to its favorable properties, such as low cost, good stability, nontoxicity, and environmental friendly properties. It has been studied for applications in Li-ion batteries [7] [8] [9] [10] , supercapacitors [11] [12] [13] , magnetic materials [14, 15] , catalytic agents [16] , gas sensors and so on [17, 18] .
The theoretical capacity of α-Fe 2 O 3 is high at 1007 mAh g -1 assuming 6 Li per formula unit [7] [8] [9] [10] [19] [20] [21] [22] . One of the most challenging issues is to maintain its electrochemical stability during cycling. Upon lithiation/delithiation during cycling, Fe 2 O 3 suffers from volume changes and subsequently pulverization of particles leading to poor capacity retention and rate performance. It has been shown that the nanostructured Fe 2 O 3 enhances the rate performance and cycling stability [23] . Smaller particle size means shorter path length for diffusion of Li + lithium ion and electronic transport. Recently, the use of nanostructured α-Fe 2 O 3 as an anode material has attracted interest [24] , which is largely promoted by the synthesis of diverse α-Fe 2 O 3 nanostructures, including nanoparticles [25] , nanocubes [26] nanorods [27] , nanotubes [28] , and nanoflowers [29] by various routes.
The self-assembled metal oxide nanostructures have attracted great interest because of their potential applications in energy storage and conversion [30] [31] [32] [33] , magnetic [34] , catalytic [35] , and sensors [36] fields. However, oriented assembly of nanoscale building blocks is generally difficult and usually requires templates or substrates to control the direct growth.
These preparation methods require sophisticated and expensive equipment, and also there are some limitations in controlling the size and shape of mesoporous materials. Therefore, exploration of a simple and economical approach is strongly desirable for the fabrication of porous nanostructures. Self-assembly is probably one of the simplest synthetic routes to synthesize nanostructures [29] . It is an important research subject to develop simple and reliable synthetic methods for hierarchically self-assembled architectures with designed crystallographic structure and controlled morphology, which strongly influence the properties of nanomaterials [29] .
In this work, the synthesis of porous flower-like α-Fe 2 O 3 nanostructures through iron alkoxide precursor and subsequent calcination at 200-700 o C is carried out. The samples prepared at different temperatures possess porosity resulting in high discharge capacity, good rate capability as well as cycling stability.
Experimental
The iron alkoxide precursor was prepared using ethylene glycol (EG, Merck) as reported elsewhere [13, 29] . In a typical synthesis, FeCl 3 . 6H 2 O (4.4 mmol SD Fine Chemicals), urea (90 mmol, Ranbaxy Laboratories), and tetrabutylammonium bromide (124 mmol, TBAB, Spectrochem) were added to 180 ml of EG in a 250 mL round bottomed flask.
The mixture was stirred for 10 min to obtain a homogeneous solution. and 700 o C in air. Red coloured powder samples were obtained. The schematic diagram of synthesis process is presented in Fig. 1 .
Powder X-ray diffraction (XRD) patterns were recorded using Philips X-pertpro diffractometer at 40 kV and 30 mA using Cu Kα (λ = 1.5418 Å) radiation source. The morphology was examined using a Gemini Technology scanning electron microscopy (SEM) The cells were galvanostatically cycled in the potential range from 0.05 to 3.0 V at different current densities at room temperature. Cyclic voltammetry, galvanostatic chargedischarge cycling and rate capability experiments were carried out by using a Biologic SA multichannel potentiostat/galvanostat model VMP3.
Results and discussions
In the synthesis ( this, facilitating the formation of a iron-EG complex [37] . The surfactant, TBAB was used as a structure directing reagent to control the flower-like architectures [29] . The complex of Fe 2+ -EG undergoes nucleation and growth processes to form nanosheets, which in turn undergo self-assembly to form three-dimensional flower-like nanostructures [36, [38] [39] [40] . The XRD patterns were used to examine the crystal structure of the precursor and In addition, the intense and sharp diffraction peaks suggest that the products have a high degree of crystallization. After decomposition of iron alkoxide, carbon may remain in the sample which cannot be detected by XRD. In order to examine the quantity of carbon and hydrogen, the samples were analyzed by CHNS/O analysis. The results indicated that the quantity of carbon is about 0.75, 0.22, 0.08 and 0.07% in S2, S4, S6 and S7, respectively, and the quantity of hydrogen is 0.22, 0.14, 0.07 and 0.06%.
The SEM images shown in Fig. 4 reveal a flower-like morphology for iron alkoxide precursor ( Fig. 4a) as well as for all samples of α-Fe 2 O 3 ( Fig. 4b-g ). The SEM images of lower magnification in Fig. 4b -g suggest that the samples are composed of numerous flowers of diameter of 3-4 μm. The magnified SEM images (Fig. 4 insets) show that each flower is composed of randomly assembled irregular-shaped nanosheets. It is interesting to observe that even after heating the alkoxide, the morphology of alkoxide precursor is retained by Xu et al., [37] proposed a mechanism for the formation of hierarchal nanostructured hollow microspheres assembled with nanosheets based on the Ostwald ripening process. In the reduction of Fe +3 by EG to form Fe +2 , EG molecule is coordinated with metal ions to form a metal-EG complex [37] . The Fe(II)-EG complex undergoes nucleation and growth processes to form nanosheets, which in turn undergo self-assembly to form three dimensional microspheres. According to Ostwald ripening process, the nanosheets located at the central core with a higher density will be dissolved and transferred to the outer shell with a lower density by a dissolution and recrystallization process, and in between a void space gradually forms in the core of the microsphere. This mechanism is schematically shown in Fig. 6 (Table 1 and Fig. 7b ). On increasing the preparation temperature, pore volume decreases and a broad distribution of pore diameter in the range of 2-100 nm is observed. The values of BET surface area, pore diameter and cumulative pore volume for all S3, S4, S5, S6 and S7 samples are listed in Table 1 .
Electrochemical studies:
The electrochemical performance of electrodes made of α-Fe 2 O 3 nanostructures was evaluated by cyclic voltammetry. Figure 7 shows the voltammograms of S3, S4 and S5 samples recorded at 0.05 mV s -1 in the voltage range between 0.05 and 3.00 V. In the first cycle, three cathodic peaks (Ic, IIc and IIIc) are observed for all samples (Fig. 8) at about 1.55, 1.00 and 0.65 V, respectively, indicating the following three lithiation steps [7] . 
Thus, the overall reaction becomes:
At the initial stage of lithium intercalation (peak Ic), a small amount of Li is inserted into the crystal structure of the α-Fe 2 O 3 without any change in the structure. In the second step of Table 2 . It is observed that the cycling performance of α-Fe 2 O 3 sample prepared at 600 o C is superior to the rest of samples. The nature of cyclic voltammograms ( Fig. 8 ) with large potential separations between anodic and cathodic peaks, as well as the charge/discharge voltage profiles ( Fig. 9) with a large hysteresis between the charge and discharge plateaus is similar to the data reported on α-Fe 2 O 3 as the anode material [7] . These feature indicated slow kinetics of electron-transfer reactions, which appear to be inherent to the material.
The cycling stability of S3, S4, S5, S6 and S7 samples were tested by subjecting galvanostatic charge-discharge cycling at a specific current density of 50 mA g -1 in the voltage range between 0.05 and 3.00 V for 25 cycles. The cycle life data is shown in Fig. 10 In order to study the rate capability, α-Fe 2 O 3 samples (S3, S4, S5, S6 and S7) were subjected to charge/discharge cycling at different specific currents in the range from 95 to 958 mA g -1 (Fig. 11) . On increasing the specific current from 95 to 956 mA g -1 , the discharge specific capacity values decrease from 1091, 1093, 967, 922 and 722 mAh g -1 to 103, 166, 250, 180 and 170 mAh g -1 for S3, S4, S5, S6 and S7 respectively. S5 sample exhibits better rate performance than the other samples, due to the suitable surface area and porosity.
Galvanostatic intermittent titration technique (GITT) was employed to determine the diffusion coefficient of Li + -ion (D Li+ ) into the S3 samples [41] . Before conducting GITT experiment, the cell was subjected to a charge/discharge cycle and the GITT experiment was conducted after 4 h of rest to reach equilibrium potential (E 0 ). The electrode was subjected to lithiation by charging with a constant current (I) for a time τ so that the potential reached E τ .
Following this, charging was terminated and electrode was allowed to relax to reach open circuit steady-state potential E s . From the values of ΔE τ = (E τ -E 0 ) and ΔE s = (E s -E 0 ), the diffusion coefficient D Li+ was calculated by using Eq. 5.
where m B is the mass of the active material, M B is the molar mass, V m is molar volume and A is the area of the electrode. Figure 12 
